Little is known about the circumstances under which older adults initiate chronic dialysis and subsequent outcomes. Using national registry data, we conducted a retrospective analysis of 416,657 Medicare beneficiaries aged $67 years who initiated chronic dialysis between January 1995 and December 2008. Our goal was to define the relationship between health care intensity around the time of dialysis initiation and subsequent survival and patterns of hospitalization, use of intensive procedures (mechanical ventilation, feeding tube placement, and cardiopulmonary resuscitation), and discontinuation of dialysis before death. We found that most patients (64.5%) initiated dialysis in the hospital, including 36.6% who were hospitalized for $2 weeks and 7.4% who underwent one or more intensive procedures. Compared with patients who initiated dialysis in the outpatient setting, those who received the highest intensity of care at dialysis initiation (those hospitalized $2 weeks and receiving at least one intensive procedure) had a shorter median survival (0.7 versus 2.1 years; P,0.001), spent a greater percentage of remaining followup time in the hospital (median, 22.9% versus 3.1%; P,0.001), were more likely to undergo subsequent intensive procedures (44.9% versus 26.0%; adjusted hazard ratio, 2.33; 95% confidence interval [CI], 2.27 to 2.39), and were less likely to have discontinued dialysis before death (19.1% versus 26.2%; adjusted odds ratio, 0.68; 95% CI, 0.65 to 0.72). In conclusion, most older adults initiate chronic dialysis in the hospital. Those who have a prolonged hospital stay and receive other forms of life support around the time of dialysis initiation have limited survival and more intensive patterns of subsequent healthcare utilization.
Over the last decade, a growing number of older adults are initiating chronic dialysis. 1 Survival among these older patients is extremely limited, 2,3 and many experience functional decline, 4,5 frequent hospitalization, 6 and a high symptom burden 7 after initiation of chronic dialysis. In this setting, patients must often make trade-offs between interventions intended to lengthen life and those directed at other treatment goals, such as maximizing quality of life and maintaining independence.
Rates of hospitalization and use of intensive procedures, such as mechanical ventilation, feeding tube placement, and cardiopulmonary resuscitation (CPR), at the end of life are exceptionally high in older dialysis patients compared with other older Medicare beneficiaries with life-limiting illness. 8 Discussions about prognosis, goals, and preferences are often lacking, and patients may have little appreciation of their likelihood of clinical deterioration or knowledge of more conservative alternatives, such as hospice. 9 Uncertainty about disease trajectory and prognosis can hamper formulation of future plans and treatment preferences. [10] [11] [12] Prior studies have evaluated the association of patient characteristics (e.g., comorbid conditions and functional status) 5, 13, 14 and treatment practices (e.g., early nephrology referral and type of vascular access) 15, 16 before and at the time of dialysis initiation with subsequent outcomes. However, many of these analyses did not capture information on clinical circumstances around the time of dialysis initiation. In reality, chronic dialysis is often initiated in the context of acute illness 17, 18 and rapid or unexpected loss of renal function. 14 We hypothesized that illness severity around the time of dialysis initiation-as reflected in measures of health care intensity, such as length of hospitalization and use of intensive procedures-might provide information useful for anticipatory guidance and supporting treatment decisions in older adults newly initiated on chronic dialysis. To evaluate this hypothesis, we used data from the U.S. Renal Data System (USRDS), a national registry of ESRD, to identify 416,657 Medicare beneficiaries aged $67 years and describe the intensity of care they experienced around the time of initiation of chronic dialysis and its association with survival and patterns of future healthcare utilization.
RESULTS
Overall, 64.5% of cohort patients initiated chronic dialysis in the inpatient setting. For those who started dialysis in the hospital, the mean length of stay 6 SD was 2 weeks 6 14.6 days (median, 11.0 days [interquartile range [IQR], 7.0-18.0]), and 7.4% received at least one intensive procedure, most commonly mechanical ventilation (5.9%), followed by feeding tube placement (1.9%) and cardiopulmonary resuscitation (CPR) (0.5%). The proportion of inpatient starts increased with age from 62.7% among patients aged 67-74 years to 68.2% among patients aged $85 years (P,0.001). The majority of cohort members (96.2%) who initiated chronic dialysis in the hospital survived to discharge.
Patients were classified into five groups according to level of intensity of care received around the time of dialysis initiation with group 1 (outpatient initiation) having the lowest level of intensity and group 5 (inpatient stay $2 weeks, and receipt of at least one intensive procedure) having the highest (Table 1) . Between 1995 and 2008, the proportion of patients initiating dialysis as an outpatient decreased (P,0.001) and the proportion who initiated dialysis during low-intensity hospital admissions (,2 weeks and no intensive procedures) increased (P,0.001) (Figure 1 ). However, there did not appear to be a statistically significant linear trend toward higher-intensity admissions over time.
Patients who received a higher level of intensity of care at dialysis initiation were more likely to be older, male, and black and to have nonresolving tubular necrosis listed as the cause of ESRD, a higher mean estimated GFR (eGFR) at initiation, lower rates of predialysis nephrology care, and a higher prevalence of comorbid conditions ( Table 2 ).
The median survival of patients who received mechanical ventilation, CPR and feeding tube placement around the time of dialysis initiation was 0.9 years (IQR, 0.3-2.7 years), 0.8 years (IQR, 0.2-2.3 years), and 0.4 years (IQR, 0.2-1.4 years), respectively. Patients who received higher levels of intensity of care at dialysis initiation had more limited survival. Median survival was 2.1 years (IQR, 0.8-4.1 years) among patients in group 1 (outpatient initiation), 1.7 years (IQR, 0.6-3.6 years) in group 2 (hospital stay ,2 weeks and no intensive procedure), 1.3 years (IQR, 0.4-3.1 years) in group 3 (hospital stay ,2 weeks and at least one intensive procedure), 1.0 year (IQR, 0.3-2.7 years) in group 4 (hospital stay $2 weeks and no intensive procedure), and 0.7 years (IQR, 0.3-2.3 years) in group 5 (hospital stay $2 weeks and at least one intensive procedure) (P,0.001). Absolute differences in median survival across groups were most pronounced among younger patients (Figure 2A ). For example, among patients aged 67-74 years, median survival ranged from 1.2 to 2.6 years across groups with differing levels of intensity of care (P,0.001) compared with 0.4-1.0 years among patients aged $85 years (P,0.001). After controlling for differences in patient characteristics, the relative risk of death was significantly higher among patients who received the highest compared with the lowest level of intensity of care at initiation (adjusted hazard ratio, 1.44, 95% confidence interval [CI], 1.42-1.47). The relative risks of death associated with a given level of intensity were similar or greater among older compared with younger patients (Table 3) .
The percentage of remaining follow-up time spent in the hospital increased with progressively higher levels of intensity of care at dialysis initiation. The median percentage of days spent hospitalized was 3.1% (IQR, 0.6%-7.8%) among patients in group 1, 6.7% (IQR, 3.0%-15.2%) in group 2, 9.1% (IQR, 4.1%-22.8%) in group 3, 14.4% (IQR, 6.4%-34.4%) in group 4, and 22.3% (IQR, 8.5%-55.2%) in group 5 (P,0.001). There was more heterogeneity in the percentage of remaining follow-up spent in the hospital for older patients ( Figure 2B ). For instance, among patients aged 65-74 years, the percentage of remaining follow-up time spent in the hospital ranged from 3.0% to 18.6% across groups with differing levels of intensity of care (P,0.001) compared with 3.1%-34.1% among patients aged $85 years (,em.P,0.001).
Compared with those who initiated dialysis in the outpatient setting (group 1), patients who received the most intensive care (group 5) around the time of dialysis initiation were more likely to undergo an intensive procedure during follow-up (44.9% versus 26.0%; adjusted hazard ratio, 2.33; 95% CI, 2.27 to 2.39). Among patients who died during followup, those in group 5 were less likely to have discontinued dialysis before death compared with patients in group 1 (19.1% versus 26.2%; adjusted odds ratio, 0.68; 95% CI, 0.65 to 0.72).
DISCUSSION
Most members of a national cohort of older Medicare beneficiaries who initiated chronic dialysis did so in the hospital. One in three of these patients spent more than 2 weeks in the hospital, and of these, one in six received at least one other form of life support during the same admission. Patients who had received more intensive care around the time of dialysis initiation had more limited survival, spent more time in the hospital, were more likely to undergo one or more intensive procedures during follow-up, and were less likely to have discontinued dialysis before death.
Available data suggest that dialysis is often presented to patients as a "necessity" rather than as a true treatment "choice," 19 and when asked after the fact, many older patients express powerlessness about their decision to undergo chronic dialysis. 9, 19 While current guidelines recommend timely discussion of treatment options in the outpatient setting, 20 our results demonstrate that in a sizable number of patients, the decision to initiate chronic dialysis is made in the context of severe acute illness and in concert with decisions about other intensive procedures intended to prolong life, such as mechanical ventilation, feeding tube placement, and CPR. Moreover, patients who receive more intensive care around the time of dialysis initiation are more likely to follow more intensive patterns of health care utilization in the future. Collectively, these findings argue for stronger efforts to contextualize discussions about dialysis initiation and related treatment decisions within a broader process of advance care planning to address treatment preferences in the setting of serious illness. 21 Life expectancy is often important in shaping treatment preferences. 22 However, in older patients with severe chronic illness and limited life expectancy, maximizing survival may be but one of several competing treatment goals. Patients may be faced with tradeoffs between prolonging life and optimizing other goals, such as preserving dignity, maximizing comfort, and maintaining quality of life. 23 Prior studies have demonstrated that compared with patients who opt for conservative therapy, those who initiate chronic dialysis spend more time in a health care setting. 6 Among patients newly initiated on chronic dialysis, information about how much time they can expect to spend in the hospital after dialysis initiation may be a meaningful adjunct to information on life expectancy in formulating treatment decisions. Acute illness can be particularly detrimental at older ages, resulting in persistent functional decline in a third of patients. 24 Although survival was most limited at older ages, intensity of care was strongly associated with time spent in the hospital for all age groups. In patients aged $85 years, those who received the highest intensity of care at initiation survived a median of only 5 months after dialysis initiation and spent approximately 2 of these months in the hospital. Supplying this kind of information about anticipated outcomes to patients embarking on a course of chronic dialysis may help to provide a realistic foundation for future treatment decisions that are aligned with their goals, values, and preferences. [25] [26] [27] Figure 1 . Trends in the level of intensity of care received around the time of dialysis initiation. Most older adults initiated chronic dialysis during low-intensity hospital admissions (group 2) and this trend has been increasing over time (P,0.001).
Although we found that survival time and the proportion of hospital-free days were more limited in older adults who received more intensive care at the time of dialysis initiation, there was substantial heterogeneity in these measures among patients of similar ages who received similar levels of intensity of care. This was especially true for younger members of this cohort. For instance, patients aged 67-75 years who received the highest level of intensity of care had a median survival of 1 year, but half of patients survived for ,4 months or .3 years. These findings highlight the challenges involved in applying summary prognostic information to the care of individual patients. Nevertheless, patients often appreciate the inherent uncertainty in life expectancy estimates at the individual level, 28 and reasonable approximations that include information on expected range (e.g., interquartile range) may still help patients to make informed treatment choices and life plans. 10 Prognostic information of this sort is not intended to replace providers' clinical judgment about a patient's prognosis but can be used to supplement their knowledge and increase their confidence and willingness to discuss prognosis with patients.
Although our study leverages systematically collected data on a nationally representative cohort of patients who initiated chronic dialysis, our results should be interpreted with the following limitations in mind. First, the study population was limited to older patients with Medicare parts A and B who were registered in the USRDS. The cohort does not include all patients who initiated dialysis in the hospital because those who died or recovered renal function shortly after initiation are unlikely to have been included in USRDS. This might explain Adjusted for sex, race, cause of ESRD, eGFR, comorbid conditions, and year dialysis was initiated. a Group 1: outpatient; group 2: ,2 weeks hospitalized, no intensive procedure; group 3: ,2 weeks hospitalized, at least one intensive procedure; group 4: $2 weeks hospitalized, no intensive procedure; group 5: $2 weeks hospitalized, at least one intensive procedure.
why a very high percentage of cohort members who initiated dialysis in the hospital survived to discharge. If anything, our study findings thus present an overly optimistic picture of outcomes among the broader population of older adults who initiate dialysis in the hospital. Second, our findings reflect intensity of care at any point during the hospitalization in which chronic dialysis was started. Thus, for some patients this information would not be available until the time of hospital discharge or after dialysis was initiated and thus could not be used to inform decisions about dialysis initiation. Third, information on dialysis discontinuation was based on provider report, which may be subject to provider interpretation, particularly with the earlier version of the Centers for Medicare & Medicaid (CMS) Services Death Notification Form. 29 Fourth, we do not have information on patients' end-of-life care preferences, advance directives, or conversations between providers, patients, and families regarding treatment options and prognosis, which might explain some of the differences observed in use of intensive procedures around the time of dialysis initiation and thereafter. Finally, analyses of time to death and future healthcare utilization were not adjusted for possible changes in patient characteristics that may have occurred over time.
In conclusion, many older adults initiate chronic dialysis during an acute illness. Simple measures of health care intensity around the time of dialysis initiation can convey meaningful information about prognosis and future patterns of healthcare utilization. This information may be useful in setting realistic expectations for the future and guiding a range of treatment decisions and advance care planning among older adults who have initiated chronic dialysis.
CONCISE METHODS

Study Population
Using data from the USRDS, we identified 416,657 fee-for-service Medicare beneficiaries aged $67 years who initiated chronic dialysis between January 1, 1995, and December 31, 2008, and for whom Medicare Parts A and B was the primary payor for health care beginning at any point during the 2-year period before dialysis initiation and continuously through dialysis initiation to end of follow-up. Patients were followed for death and hospitalization through December 31, 2008. The study was approved by the Institutional Review Board at the University of Washington.
Patient Characteristics
Demographic information, including age, sex, race, listed cause of ESRD, and eGFR at dialysis initiation were obtained from the USRDS Patients and Medical Evidence Files (derived from the CMS Medical Evidence Form 2728, which is completed by the provider after initiation). We used linked inpatient and outpatient Medicare claims to identify the following comorbid conditions present during the 2-year period before initiation based on International Classification of Diseases, Ninth Revision (ICD-9), diagnostic codes: coronary artery disease, peripheral arterial disease, congestive heart failure, chronic obstructive pulmonary disease, cirrhosis, hypertension, diabetes, dementia, and stroke. We also used inpatient and outpatient Medicare claims to determine whether patients received predialysis nephrology care, categorizing this as late care if their first visit with a nephrologist occurred during the 3 months before dialysis initiation or if they had not seen a nephrologist before initiation, and early if their first visit occurred prior to 3 months before initiation.
Predictor Variable
The primary predictor variable was level of intensity of care around the time of dialysis initiation, which was based on the following measures: site of dialysis initiation (inpatient versus outpatient), length of the index hospitalization (above versus below the mean length of stay of 2 weeks), and receipt of one or more intensive procedures (mechanical ventilation, feeding tube placement, or CPR) at any point during the index hospitalization. These measures were ascertained from the Medicare Inpatient Details File and the Medicare Physician Supplier File (which is derived from claims for procedures) supplied by USRDS. Intensive procedures were identified using ICD-9 and Healthcare Common Procedure Coding System codes.
Outcome Measures
The primary outcome measures were time to death after dialysis initiation and time spent in the hospital during follow-up. Survival was based on dates of initiation and death recorded in the USRDS Patients File. Time spent in the hospital included the hospitalization in which chronic dialysis was initiated and all subsequent hospitalizations through to the time of death or the end of follow-up.
Secondary outcome measures were future use of intensive procedures during follow-up, and among decedents, whether dialysis was discontinued prior to death. Information on dialysis discontinuation was obtained from the USRDS Death File (derived from the CMS Death Notification Form 2746, which is completed postmortem by the provider).
Statistical Analyses
The characteristics of patients who received differing levels of intensity of care at dialysis initiation were described using point estimates and 95% CIs. Tests for trend across groups were performed using regression analysis. We calculated median survival for each group using the Kaplan-Meier method, and differences were compared using the log-rank test. We measured the association between level of intensity of care at initiation and time to death using Cox proportional hazard regression models. The percentage of remaining follow-up time spent hospitalized was compared across levels of intensity of care using a Kruskal-Wallis test. Differences in survival and percentage of remaining follow-up time spent hospitalized were further evaluated among cohort members of different ages (67-74 years, 75-79 years, 80-84 years, and $85 years).
The association between intensity of care at dialysis initiation with future use of one or more intensive procedures was also examined using an adjusted Cox proportional hazard regression model, with censoring at the time of death or end of follow-up. Among dialysis patients who died during the follow-up period, we used a logistic regression model to examine the association between intensity of care at initiation with dialysis discontinuation prior to death.
Statistical packages used included SAS, version 9 (Cary, NC); Stata, version 11 (College Station, TX); and SPSS, version 19 (Somers, NY). Multivariate models were adjusted for all baseline characteristics.
